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S u b j e c t :  Semi-annual  S t a t u s  Repor t  

NASA Gran t  NGR-12-001-012 

T i t l e :  " S e a r c h  f o r  B i o l o g i c a l  P r e c u r s o r  M o l e c u l e s  i n  

V o l c a n i c  V o l a t i l e  Sys tems."  

A b s t r a c t  

The r e s e a r c h  c o n s i s t s  o f  t h e  f o l l o w i n g  two p a r t s  - (1) an 

i n v e s t i g a t i o n  of t h e  n a t u r a l  v o l c a n i c  g a s e o u s  s y s t e m  f o r  i t s  

e l e m e n t a l  and m o l e c u l a r  c o m p o s i t i o n ,  w i t h  p a r t i c u l a r  emphas is  

on compounds o f  b i o l o g i c a l  i m p o r t a n c e  which migh t  be p r e s e n t  

i n  t r a c e  q u a n t i t i e s .  (2) A l a b o r a t o r y  i n v e s t i g a t i o n  of  t h e  

e q u i l i b r i u m  m o l e c u l a r  and f r e e  r a d i c a l  components t o  be found  

i n  g a s e o u s  sys t ems  which c o n t a i n  t h e  ma jo r  e l e m e n t s  ( 0 ,  H, C ,  

S ,  N )  i n  t h e  p r o p o r t i o n s  p r e s e n t  i n  v o l c a n i c  g a s .  T h i s  l a s t  i s  

p e r t i n e n t  s i n c e  we have  found from work on Hawaiian v o l c a n o e s  

t h a t  t h e  g a s e s  a r e  a homogenous s y s t e m  i n  thermodynamic e q u i l i b r i u m .  

Comparison o f  t h e  components found i n  t h e  e x p e r i m e n t a l  s i t u a t i o n  

( a n d  e x p e c t e d  from t h e o r e t i c a l  c a l c u l a t i o n s ,  where p o s s i b l e )  w i t h  

t h o s e  f o u n d  i n  n a t u r e ,  are  b e i n g  made; a g a i n  w i t h  emphas i s  on sub-  

s t a n c e s  which might  r e l a t e  t o  l i f e  p r o c e s s e s .  

4 .  G e n e r a l  S t a t e m e n t .  

T h i s  g r a n t  was a c t i v a t e d  on F e b r u a r y  1, 1965, b u t  due t o  

c e r t a i n  d e l a y s  i t  d i d  n o t  become o p e r a t i v e  f o r  e x p e r i m e n t a l  work 

u n t i l  mid-March. Much o f  t h e  e f f o r t  has  been  d e v o t e d  t o  equipment  

c o n s e r u c t i o n  and sample  c o l l e c t i o n ,  b u t  a few v e r y  t e n t a t i v e  

p r e l i m i n a r y  r e s u l t s  have  been  o b t a i n e d .  



a I 

5 .  V o l c a n i c  G~S-Collec~iOtin_-Conditions During; Feb 1- - J u l y  31, 1 9 6 5  

( a )  K i l a u e a  E r u p t i o n .  Makaopuhi,  1965. 

We were  f o r t u n a t e  e a r l y  i n  March, 1 9 6 5 ,  t o  have  had  a 

f l a n k  e r u p t i o n  of  K i l a u e a  v o l c a n o  on Hawai i .  T h i s  o c c u r r e d  

a l o n g  a r i f t  e x t e n d i n g  from a p r e h i s t o r i c  p i t  c r a t e r  

(Makaopuhi)  t o  i n a c c e s s i b l e  r e g i o n s  i n  t h e  r a i n  f o r e s t .  It 

p e r s i s t e d  f o r  abou t  two weeks,  and i n  i t s  l a t e r  p h a s e s  l a v a  

f o u n t a i n i n g  w a s  l i m i t e d  t o  a r i f t  on t h e  w a l l  o f  t h e  p i t  

c r a t e r  which  was f i l l e d  w i t h  a mol t en  l a v a  l a k e  t o  a d e p t h  

of  a p p r o x i m a t e l y  two hundred  f e e t .  Exac t  d e t a i l s  w i l l  be 

p u b l i s h e d  by t h e  U. S. G e o l o g i c a l  Su rvey .  

Dur ing  two p e r i o d s  o f  t h e  e r u p t i o n ,  w i t h  t h e  h e l p  of  

t h e  s taf f  o f  t h e  Hawaii  Volcano O b s e r v a t o r y ,  we were a b l e  t o  

g e t  a g r o u p  t o  t h e  edge  o f  t h e  l a v a  l a k e  u n d e r  e x t r e m e l y  

d i f f i c u l t  and  u n p l e a s a n t  c o n d i t i o n s .  Gas samples  were t a k e n  

d i r e c t l y  f rom t h e  s u r f a c e  of t h e  l a v a  l a k e  and f rom t h e  

momenta r i ly  p e r s i s t e n t  h o l e s  l e f t  a f t e r  t h e  removal  o f  c e r a m i c  

t u b e s  which were u s e d  t o  c o l l e c t  mo l t en  l a v a  s a m p l e s .  

( b )  D r i l l  Hole  Sampl ing .  

The s t a f f  o f  t h e  Hawaii Volcano O b s e r v a t o r y ,  U .  S. 

G e o l o g i c a l  S u r v e y ,  h a s  a program of  d r i l l i n g  i n t o  c r u s t e d -  

o v e r  l a v a  l a k e s  which have  been t h e  b y - p r o d u c t s  of r e c e n t  

e r u p t i o n s  a t  K i l a u e a  ( K i l a u e a - I k i ,  A l a e ,  and now Makaopuhi 

C r a t e r ) .  

and  we have  been  c o o p e r a t i n g  i n  work on t h e  g a s e s  f rom t h e s e  

These have been used f o r  a v a r i e t y  of r e s e a r c h e s ,  
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6. 

d r i l l  h o l e s  D r i l l i n g  h a s  been u n d e r t a k e n  t h r o u g h  t h e  t h i n  

c r u s t  o f  t h e  new l a k e  a t  Makaopuhi, and  g a s  samples  have  been  

t a k e n  b o t h  a t  t h e  bo t tom and a t  i n t e r m e d i a t e  l e v e l s  i n  t h e s e  

h o l e s .  

( c )  S o l f a t a r i c  A r e a s .  

Gas c o l l e c t i o n s  by a d s o r p t i o n  t u b e  t e c h n i q u e s  have been  

made a s  f r e q u e n t l y  a s  p o s s i b l e  a t  t h e  o l d  f u m a r o l e  a t  S u l f u r  

Bank on t h e  r i m  o f  K i l a u e a  Caldera, i n  o r d e r  t o  f o l l o w  any 

changes  of  g a s  c o m p o s i t i o n  w i t h  t h e  e r u p t i n g  p h a s e  o f  t h e  

v o l c a n o .  A new s o l f a t a r i c  a r e a  on t h e  s o u t h  r i m  o f  t h e  

c a l d e r a ,  p o i n t e d  o u t  by D r .  Howard Powers o f  t h e  O b s e r v a t o r y ,  

a l s o  h a s  been  sampled .  

( d )  Gases i n  Rock V e s i c l e s  and I n c l u s i o n s .  

By t h e  u s e  o f  e n c l o s e d  c r u s h e r s  o f  v a r i o u s  d e s i g n s ,  g a s e s  

have  been  r e l e a s e d  f rom lava and pumice w i t h i n  a few days  of 

e r u p t i o n ,  and a n a l y z e d  by means o f  g a s  ch romatography .  A l s o  

t h e  g a s e s  p r e s e n t  i n  i n c l u s i o n s  f rom n o d u l e s  o f  t h e  1801 e r u p -  

t i o n  of H u a l a l e i  v o l c a n o  were examined by t h i s  same method.  

Equipment f o r  C o l l e c t i o n  of  Vo lcan ic  Gases. 

( a )  Gas A d s o r p t i o n  Tubes.  

Gas a d s o r p t i o n  t u b e s  u t i l i z i n g  t h e  c h r o m a t o g r a p h i c  

p r i n c i p l e ,  which have  been d e s c r i b e d  p r e v i o u s l y  [ J .  Geophys. 

Res. - 68 539 (1963)l c o n t i n u e  t o  be u s e d  f o r  s u r f a c e  c o l l e c t i o n s .  

Some s l i g h t  b u t  i m p o r t a n t  m o d i f i c a t i o n s  have been  made i n  t h e  

d e s i g n  o f  t h e s e  t u b e s ,  b u t  t h e  b a s i c  p r i n c i p l e  and method of 

u s e  r ema ins  t h e  same. 
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( b )  D r i l l  Hole  C o l l e c t i o n  Tubes.  

I n  o r d e r  t o  w i t h s t a n d  t h e  h i g h  t e m p e r a t u r e s  i n s i d e  d r i l l  

h o l e s  a t  c o l l e c t i o n  p o i n t s  ( t o  12OO0C), a d s o r p t i o n  t u b e s  were 

e n c l o s e d  i n  v i t r e o u s  s i l i c a  t u b e s  w i t h  t h e  i n t e r m e d i a t e  s p a c e  

f i l l e d  w i t h  a d i a t o m a c e o u s  e a r t h  t h e r m a l  i n s u l a t i n g  m a t e r i a l .  

The b r e a k - o f f  t i p  o f  t h e  t u b e s  c o u l d  be b r o k e n  by impac t  a t  

t h e  b o t t o m ,  o r  by a " t r a v e l e r "  o r  p u l l - w i r e  a t  i n t e r m e d i a t e  

p o s i t i o n s  i n  t h e  d r i l l  hole. 

7.  A n a l y t i c a l  Methods.  

( a )  Aqueous Condensa te  A n a l y s i s  f o r  Minor C o n s t i t u e n t s ,  

Condensate water from c o l l e c t i o n  t u b e s  and f u m a r o l e s  

was e x t r a c t e d  i n t o  o r g a n i c  s o l v e n t s ,  and s e p a r a t e  p o r t i o n s  

were  e v a p o r a t e d  t o  d r y n e s s  a f t e r  making n e u t r a l ,  a c i d i c  and 

b a s i c .  The der ived  m a t e r i a l s  p e l l e t i z e d  w i t h  K B r  were a n a l y z e d  

u s i n g  i n f r a r e d  a d s o r p t i o n .  

( b )  Gas Chromatograph ic  A n a l y s i s .  

The main method u s e d  f o r  g a s  a n a l y s i s  was t h e  i m p o r t a n t  

t e c h n i q u e  o f  g a s  ch romatography .  The p a r t i c u l a r  combina t ion  

o f  m a j o r  component g a s e s  found i n  v o l c a n i c  e f f l u v i a  i s  d i f f i c u l t  

t o  a n a l y z e  a c c u r a t e l y  by any method,  and  w e  a re  c o n t i n u a l l y  

c h a n g i n g  o u r  equipment  i n  o r d e r  t o  s i m p l i f y  and improve t h i s  

t e c h n i q u e .  The t r e n d  i s  t o  u s e  a s i n g l e  d e t e c t o r  w i t h  m u l t i -  

column s w i t c h i n g  t o  accommodate t h e  v a r i e t y  o f  components  t o  be 

a n a l y z e d .  I n  o r d e r  t o  d e t e c t  c a r b o n  c o n t a i n i n g  m o l e c u l e s  which  

m i g h t  be p r e s e n t  i n  v e r y  minor  amounts i n  t h e  g a s e s ,  a borrowed 
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f l ame  i o n i z a t i o n  d e t e c t o r  sys tem has been  i n s t a l l e d ,  and 

c u r r e n t l y  is j u s t  b e i n g  t e s t e d  on v o l c a n i c  samples .  

( c )  Maas S p e c t r o m e t r y .  

An a n a l y t i c a l  mass s p e c t r o m e t e r  has been  c o n s t r u c t e d ,  a s  

was o u t l i n e d  i n  t h e  p r o p o s a l  f o r  t h i s  r e s e a r c h .  T h i s  w i l l  b e  

u s e d  d y n a m i c a l l y  (1) t o  a n a l y z e  f o r  minor  components i n  v o l -  

c a n i c  g a s  f r a c t i o n s ,  a n d  ( 2 )  t o  examine g a s  f rom a r e a c t o r  

p r o d u c i n g  " v o l c a n i c  g a s e s "  i n  t h e  l a b o r a t o r y  t o  s e a r c h  f o r  

u n e x p e c t e d  components of b i o l o g i c a l  i m p o r t a n c e .  

. The u n i t  has  been  aseembled ,  and c u r r e n t l y  t h e  vacuum 

components o f  t h e  s p e c t r o m e t e r  and  sample  sys t ems  a re  b e i n g  

vacuum t e s t e d  a n d  baked  t o  a c h i e v e  c o n d i t i o n s  needed  f o r  

o p e r a t i o n .  

( d )  Computer Programming. 

The a s s u m p t i o n  h a s  been made t h a t  p r e b i o l o g i c  m o l e c u l e s  

i n  v o l c a n i c  v o l a t i l e  systems would p a r t a k e  o f  t h e  e q u i l i b r i u m  

c h a r a c t e r i s t i c s  which have b e e n  shown t o  be a t t a i n e d  f o r  t h e  

m a j o r  components .  T h i s  b e i n g  t h e  c a s e ,  t h e  e q u i l i b r i u m  concen-  

t r a t i o n  o f  t h e s e  s u b s t a n c e s  c a n  b e  c a l c u l a t e d  f o r  a s y s t e m  w i t h  

t h e  b a s i c  a tomic  compos i t ion  ( H ,  0 ,  C ,  S, N )  o f  v o l c a n i c  g a s .  

A computer  i s  n e c e s s a r y  f o r  s u c h  c a l c u l a t i o n s ,  a n d  we have  

e x t e n d e d  p r e v i o u s  programs t o  i n c l u d e  a d d i t i o n a l  atoms (N) 

n e c e s s a r y  i n  b i o l o g i c a l  sys tems , and t o  make them s a t i s f a c t o r y  

f o r  u s e  i n  o u r  p r e s e n t  computer ( I B M  7040).. 

.. C u r r e n t l y  programs a r e  be i r .g  "debugged."  
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( e )  I n f r a r e d  S p e c t r o p h o t o m e t r x .  

I n f r a r e d  methods have  been u s e d  i n  examin ing  v o l c a n i c  

c o n d e n s a t e s  ( K B r  p e l l e t i n g ) ,  and  g a s e s  ( 1 0  m e t e r  g a s  c e l l )  

f o r  m o l e c u l e s  and s y s t e m s  of p o s s i b l e  p r e b i o l o g i c a l  i m p o r t a n c e .  

8. R e s u l t s .  

( a )  Gas Chromatograph ic  A n a l y s i s  o f  D r i l l  Hole  and F u m a r o l i c  

Samples .  

The f o l l o w i n g  c a r b o n  c o n t a i n i n g  m o l e c u l e s  have  been  

f o u n d  t o  da te  as components  o f  t h e s e  s a m p l e s :  

Major - C02 

Minor - C O ,  C H 4  ( s p o r a d i c  and  r a r e ) .  

Us ing  t h e  flame i o n i z a t i o n  d e t e c t o r ,  which i s  s e n s i t i v e  

o n l y  t o  c a r b o n  c o n t a i n i n g  m o l e c u l e s  ( o t h e r  t h a n  C02 and CO), 

no n o t a b l e  i d e n t i f i c a t i o n s  have been  made i n  t h e  two samples  

t e s t e d  w i t h  t h i s  d e t e c t o r  t o  d a t e ,  b u t  some anomalous  peaks  

h a v e  been  n o t e d  which w i l l  b e a r  f u r t h e r  i n v e s t i g a t i o n .  

( b )  Gas Chromatograph ic  A n a l y s i s  of F l u i d  I n c l u s i o n s  i n  Deep- 

S e a t e d  Rocks,  and i n  Newly E r u p t e d  Pumice and  Lava. 

Only g a s e s  found t o  d a t e :  C 0 2 ,  H20, N2. 

( c )  I n f r a r e d  S p e c t r o p h o t o m e t r i c  I n v e s t i g a t i o n  o f  F u m a r o l i c  

V i o l a t i l e s .  

The ammonium i o n  h a s  been found  i n  c o n d e n s a t e  f rom one 

o f  o u r  f u m a r o l e s ,  a l t h o u g h  t h e  a s s o c i a t e d  a n i o n  has  n o t  been  

i d e n t i f i e d  w i t h  c e r t a i n t y  as y e t .  T h i s  i s  t h e  f i r s t  i n s t a n c e  
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f u r t h e r  c h e c k i n g .  

p r e b i o l o g i c  sys t em.  

T h i s  i o n  would b e  most  i m p o r t a n t  i n  any 

9. C o n c l u s i o n s  ( h i g h l y  t e n t a t i v e ) ,  

The p r e s e n c e  of q u a n t i t i e s  of  ammonia and ca rbon  d i o x i d e  

i n  t hese  gases ,  and  t h e  r a r i t y  o f  methane ,  would seem t o  l e n d  

s u s t e n a n c e  t o  a Wohler s y n t h e s i s  o f  u r e a  as a pa thway t o  more 

complex o r g a n i c  m o l e c u l e s  i n  a p r i m i t i v e  aqueous  env i ronmen t  

d e r i v e d  from b a s a l t i c  v o l a t i l e s .  

t h e  i m p o r t a n t  h i g h  e n e r g y  p h o s p h a t e ,  ca rbamyl  p h o s p h a t e ,  h a s  

r e c e n t l y  been s u g g e s t e d  by Miller and P a r r i s h  [ N a t u r e  204 1248  

(1964)l. 

I n d e e d  a r o u t e  f rom u r e a  t o  

- 

10. Changes o f  D i r e c t i o n  of Resea rch  o r  P r o c e d u r e s  f rom t h a t  

O u t l i n e d  i n  P r o p o s a l .  

No changes  i n  t h e  b a s i c  d i r e c t i o n  o f  t h e  r e s e a r c h  has  o c c u r r e d  

o r  i s  a n t i c i p a t e d  f o r  t h e  n e a r  f u t u r e .  

With r e g a r d s  t o  p e r s o n n e l ,  it was found  i m p o s s i b l e  t o  t a k e  on a 

G r a d u a t e  S t u d e n t  R e s e a r c h  A s s i s t a n t ,  as i n d i c a t e d  i n  t h e  P r o p o s a l ,  

b e c a u s e  of t h e  p a r t i c u l a r  t i m e  of  t h e  y e a r  a t  which  t h e  g r a n t  was 

a c t i v a t e d .  To  compensa te  i n  t h i s  need  f o r  manpower, a d d i t i o n a l  

s t u d e n t  h e l p  have been  employed,  e s p e c i a l l y  d u r i n g  t h e  summer p e r i o d .  

R s e c t f u l  y u b m i t t e d ,  

YA piykl 
Jbhn J .  daugh ton  e 

P r o f e s s o r  of Chemis t ry  
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